Searching PAJ 



1/2 K— y 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001-148533 
(43)Date of publication of application : 29.05.2001 



(5 Dint CI. HOIS 5/042 

H01L 29/872 
H01L 33/00 
HOIS 5/323 



(21) Application number : 2000-266480 (71 Applicant : SHARP CORP 

(22) Date of filing: 04.09.2000 (72)Inventor : TSUDA YUZO 

OGAWA ATSUSHI 
YUASA TAKAYUK1 
UEDA YOSHIHIRO 
ARAKI MASAHIRO 
TANETANI MOTOTAKA 



(30)Priority 

Priority number : 11253741 Priority date : 08.09.1999 Priority country : JP 



(54) III-N TYPE COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN light-emitting 
element, having low contact resistivity of an n-type electrode and 
low threshold voltage or threshold current. 

SOLUTION: A GaN light-emitting element comprises an n-type GaN 
substrate 3002, a plurality of GaN compound semiconductor layers 
3003-3010 formed on the substrate 3002, and an n-type electrode 
3001 and a p-type electrode 301 1 formed on the substrate 3002, 
the n-type electrode 3001 is formed on the nitrogen termination 
surface of the substrate 3002, the n-type impurity concentration in 
the substrate 3002 varies in the thickness direction of the substrate 
3002, the substrate 3002 is composed of a first portion 3002a, 
which forms the nitrogen termination surface and has a first mean 
n-type impurity concentration and a second portion 3002b, which 
has a second mean n-type impurity concentration which is lower 
than that of the first mean n-type impurity concentration, the first 
mean n-type impurity concentration is 3 x 101 18 cm-3 or more and 
the second mean n-type impurity concentration is 3 x 1018 cm-3 or 
less. 
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imsm 1 ] III -N»*fc£W|s*H*»K, 
WE^«S«Lhfc:®JR«*ifcWa:wi I I -NjRfc^- 

to n m?&&m&*irt& m i eogfcft £ . we*i*> 

TO n SMI^gig J: 9 ffiv *S 2 *>TO n STOMMRft 

1933* 1 n £>ftH«|»AU, 3 x 1 0 ' 8 c m-3 lit 
±T**> 9 , 

Btriem 2 *>TO n STOBHtiftKM: ,3X1 Oi«cm-3]2l 
TT'fe9, ^WIEl«fc<03|MitMi{±fWE«2<0««'± 
(C««$*lT^*. I I I-N^b^J^«^IS. 
[»*«2 3 «HE»l<VF^nS3RKft»Ktt. 3x 
1 0 18 cnr 3 ~l XI 0 21 cm- 3 <7)Kl!l*rC£>9, *»0 
2 W% n STOtiHriftfttt, ixi0"cm"3- 
3 x 1 0i8 c m-soJEBrt-e&Su ffi$g 1 tEtt<0* 

1 0 18 cnr 3 --l XI 0 19 cm- 3 <7)®Bl*|T'£>6.. ff^ 
] Itrlfi I I I - N^-ffc^Bj^flctiG a N 

*» i EfcfEtt^awfcseB. 

[000 1] 

+6*m#&M.* mz. mamzm-i. 

[0002] 

[«*OSEW] 9 . G a N JWb^flMmWWi'tO 

f 

[ 0 0 0 3 ] ifi*, *<0»tt£«ffl LT . »fe»3K^-f 

[0004] g a NZMt-smimftmzw&t&mz 



It. mWLt LX. VyrJT. SiC, s 

»T\ GaN^WiALNi7)A777-S5:ML. 
<rtfk. *K£iftl 0 5 0X;c7)®a(C#iaLTGaN^-fb 

[0005] S i C £S«fc LTflWfH-**^. 

xt?*:^/Ujfcg£^3jfcgffij£TiI^A 1 NKS:^ 
77r-it LTflWflrSfcft^ifcjWn&ivCV^. 

jR*$^GaN^^4^ra«fc*«fc<03&» 
Tiftl X 1 0 5 cr ! -l X 1 OUcm^gfCt^ 

[0 00 6] ZCDtztb. ZtlhcDXV&Zi&ML. tii*r>. 

*W*fifir$*vO**. fcfcitf. 3rtS&£&ffiJ&H (M 
OCVD) S^fciOjSJUf-frfcGaNBLLtc, 

<0VX?£fflWC, >W HJRffljR* (H-VP 
E) ^(Cj:9GaN<7)^KS:^$-tJ:. »<s>*ifcJWR 

[0007] 

[^* ? ^Lidi:-rSiie] L*»U -e^ia^G 
aNSKiT'COnSmSO^etco^T^^^T-^r* 1 
Ti/AlffOnltHJGaN 
»R«OGai»SHiiiC»jjcL«:*&. Rtfflis/a y 

^{i. Ga»S8fflC*J^T. (C) Ga^ 

W&X\ G a«HflIILkCT i /A 1 f^nlHE^ilS 

$r^U#l». pltfTftiNi, Pd^I 

HSR (c> mi. gtuzwo&K. mmmtmt,-? 

[0008] G a NmmVG a$£ll%ffi±lZ*- S v 
ttcOT i /A 1 fOnISffi^#5^tf)(:li. £tKaiS 
S:«BWT«KWMIS:ff-3!t 9 . nm&f$.mzTn'(& 
fcCDttcofmmZft^. GaNtffLCStST i t 
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[0009] *$twcD-mEmi. mftcommmm*? 
mmiM^h-r^ mim*m&mwi. tittle 
a.N&mzm^tzm$miW.m&iznw.mm$:Bf8.Lx 

tooio]*n8m3-o(7)gwti. nmmmcom 

[ooin *wncr>-£t>%&&mii.. immmszttz 
&m-&z\ti,zhh. 

[0012] mim^mwcoN&it&mi. 

wmL^zmxct^mmm.t nmm^mmtMMtcn 
mmBnt>MzLtz. zmz. -*wmh\±. 

mzu— v-mt-vm^zm^x . mim^m 
fcm&i,zmir?&^mwmg.tmmnKbcr>mi%. &x 
vmitmmfommzmirt s T-mmg. t mrnrnm^ 
mtommz^xw^friz-f&btitiz, mmtm 

%TMMmBzz%.niLtz. ^mnnt^mmzm^ 
<. 

[00 13] 

mmzrnm- htz^^m m/Mzx oiii-n 
%iti?®)¥mft$iWrfm&zti. §mwii. ih-n 
&it£ty^ftmmcommi&mm±.izmmt:ttz> . a 
frwfc. *mnz±ztmmimt. 1 1 i-n»^ 

Siifc«R<03N»*Mifc:«ESraillirt-& fctfxo nStl 

&±xfpm.mm*ffiz-. zztz&^x. m*mw.mm& 
±.£.tejs&tix\->h. 

[ 0 0 1 4 ] 02 313. mmWLcO (0001 ) BLLCJS 
ftLfcGaNtf5Ga»iBfflfcNi(jFJiBSfe5rr. H4>. 2 
3 0 1 iiflg^.. 2 30 2{iA' 7 7rl. 2303ali 
Ga^ffl, 23 03biiN^cB. fiA2 3 04i4G 
am?. H*l2 3 0 5tiNJS^£^-f . latC^J: 5 

Ni^«B2 3 0 3bT*{is 3 0 5#0BfcW 

fcSSiSU Ga$|^®23 03aT'«4. Gag? 

2304 tfB&mizmm lt^&. 

[00 15] ZZX\ GaNi^ (000 1 ) BCW 
NiftflliB G afc«MB* J2TF*> «fc 3 tcjg**-* i £ 

i. 8M<DNaOHmm*t,z3ftm&i-t. ®mz$m 

ismBftBattt (afm) fcjflvvjur, 5 
m«$<o«s?T*x -y + y ymzimwwxx ^zzb 



wfrfrh . mmm=f-<r> e o %m±# n «^ t»sh t t v * 

$-t>offiSrNi^Sg®i:Df^:. Ga&iSiffifi. |S|« 

C0J!LS^{-J: 0 s *E«S!bWffi-a: LC<<, A F M £ 

fflwtt^ 5umim<o®mx'2i-yi->7mz$km$zit 

■fytftk'frbtl*^ imHi. Appl. Phys. Lett. 71, 26 
35 (1997)) . m5«^6 0*ia±J&*GaflFFC*!M& 
LT^Sffifi, CKOttS^fcO. :«BNWC«, Z<T)£ 
3«rtM*fcOflS*Ga*J8B!i:llf.i;. Lfctf-aT. I 

1 1 -Nmt&to&mmzmL. mmizmtn-t z&tm 
a*e*. — $mizm&-t2>i&i%m*<?>6 o%wj:# 

I I I flOFPC* 9 , *»oWr5e<0x-/f-y^tcJ:0SEft 
Utc<Wtt«S:*fSiBSrI I I i&S^a^&®tl^?^.r 
[0016] x-yf-y^'^M;. mi<7>m\^ m 

mJULl-nM^) tt, KltffiaK?lftl2l$r (RHEED) 
m (ffltlf. Appl. Phys. Lett. 72. 2114 (1998)) 

mmmmmm-f *>m.iLwtm (caiciss) 
[0017] 1 1 1 - N%kit&m 2 mmzit. mus. 

GaN, A1N, Al.Gai-.N (0<x<l) 1 In 
N, In,Ga 1 . I N (0<x<l) s In,Ga,Al 

i.,.,n (o<x<l o<y<i ) m&h&* mz. 

Gat*tfl I I-NM^I*. "«r 

[0018] *fW8t=*jv^"r . 

^)nS3p*fiflj(?)aWE(i. 1 x 1 0 17 cm-3— 1 x 1 0 21 
ffi^l**f5i*K{4, lxl0"cm-3-lxl0 ls cm 

[0019] *^BJ(Ci3^T. *^Stt<?)ni^ 

wicDm&te. m 3 m#m&L<7)J¥.tt\tiiiz&^x-'mx't> 

tt*waa#KJ!*tf>^-|«!ifc: v > T ^it LX v ^ , 
msicO^cD-Jifal.Zti^xmtLX^h^. micr>& 

%<?m i <r> nm^mnmms.. 3 x 1 0 1 8 c m-^vxtx- 

foZZbfiWZLW Wlieffi-ftcomMt. 0. 05u 
m^5 0 vmXhZ Z brfVf£ L^. 
[0020] nm^Hmcom&tf&fc<7)J$-&-<Ojj\fit l Z& 

n M^F^iHK -s. m 2 comfti.izmi.ntmwm 

tfm&LZtiX\^Zbt>W£LU. Zcr>Wr£i>. #l<r> 
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ffitV>m*-\Z. 0. 0 5xtm~5 0/xmT'*>.Sii:* < *f 

12. 3X1 0 18 cm-3UULT£>S^#*?£U\ 
[0021] *»!HK:J:4*»*SS»i. HMWfcii. 

R*«M«S»i. I I I -N^k^j^ 

tmwi. K#*at»aHs±fc:»*s<xfca»wi ii-n 

is 9. nSTO«sa»»illii±t=JBjfi«<ir^4. I 

1 1 - Nmt&totmmz. niwcGaNM^w 

**"C**. dOJ^. P2>mffi(4. ^*itOGa 
*S8iH±fc:JES£S*rCl**£ U\ afcfWJfcJ: 

[00 22] J: 0 . § &*S¥*tt8eiI#«« 

sit, &¥m#mm*. 1 1 i-n^h-^^^s 
«l m*mftmwi±iz&f£.ztifzm$i<7) i 1 1 -Nawt 

<0¥*fMIC«E*WJirr6fcftOnffi«BitJiifpS 

§ tix a o . »3MWMHR«t><o n m^mmmm* . is 
wmt. mmMm*jmi>ipvmie>w*Tiw?&im 

fc*»^*o, asi^F^nM^ififtaaiisx i o^c 

m-«J2UiTftO, Sfl20¥%ngm#BJiRJ!£li3x 1 0 

1 8 c m-s jarre* o . j&^BMto^NWWKaa* 2 ^se 

^1*flJS(i3x 1 0"cm- s - 1 x 1 0 21 cm- J «Sl 
rtf*4. *?2L<14. R2Qf4ni^NlklKm 
xlO"cm-3-3xl 0 18 cm-3tf0ffiffli*ie*S. «fc 
9#*t<tt. »lW*nfiWfi!IWMEtt, 3X10 
' 8 cm-3-lxl0 19 cm- 3 (7)Ell*|t*S. III- 
NaMk-&»2NI«ctt. #4 L < ItG a N^ffc^ft^Wfls 

[0023] 

s 1 ms ( 2K4*>-iwr) izszm^rmfct 

SZbiPC**. *mi£iS»X, nltill Ti/ 
A 1 . Hf/Au, W/A 1 . V/A l^CD. Auttz 
liAlt, Sc. Y. La. Ti. Zr. Hf. V. N 
b. Ta. W. Mo. Cr. Mn. Tc. ReJfcliN 

SI I I-N»ft:-&WN»*coaiB4:A»=flr3r-5-y^ 



[0024] *frat:*JV^T .III- 
«6fflR+<0^*fi*iMEtt, 1X1 0 17 cm-31JLhl xl 
0 !1 cm-3OT* 5 MK, $4>t=(ilxl 0 17 cm-3 
JjLhl x 1 0 19 cm-31ilT*W4 U\ nI?«fttL 

r s i tw£ nffiewtt&ft#T* *fl&«vm 

[0025] II I-NaMb^flj^WcfflRtrtJl^T. 

i.{f. 0. 0 5;um~5 0,um**$f2L<. 0. 0 5ju 
m~l O/zmSSiU OffiU*. 

[0026] *»wk:*jv^t. i i i -N&itswm 

tems.it. mmitiz. 1 1 1 - N&it&to^mftnm 

^^-Srrr-5> ^ i: «fc 0 ^#-5. CI i: ^T'^ -g> . (000 1) 

mzirt h*r? t4tw®&. i i i -n&it&ii&m 

flil^SiB^-r-&- , f7r'f TS«. GaN. SiC. 
btfX'Zh. 

[ 0 0 2 7 ] G a N#fc^^*a6«tf>i*«fc:*;fc 

o . mwsLi.izwm'hffi&^'v yr-mb lxg a n 

Jg£*?£ L < ffiffl-TS i b &X'% I) . tttttt'* -y 7 r - 

•C^S. $£>K. fiaA V 7T-ii:UA l.Ga,., 
N (0^x^11 . &tttZnOZm^Xl>£<. v-r 
iXCO^o'T' t> G a N««A-y 7 r -m*&%\-th*frkb 

[0028]SSii{:iJ(tSSBi, H-VPESJ: 

fkZittzGaNmm.zm^ximLtzi'-' fit. wm 

tzGaN&WLtm^XimLtzU-lfblt^X. «to« 

^soffima. j:9fiv)mmarrffiRL««. h-vp 

NHflgfcti. 8*(C1) CICOC 1 

[0029] *»Btc*3V>T. HfflRj^^^mSiTJS I 
I I -N3vftl^^#g«i. ^i:i.Jf. GaNSSl 

^fltitli. fcfci-tf. «MAIUl(ffiJftAI£ (MOCVD 



«fctf*Lfc#»«3GaNJMLhfc:, MOCVDSt* 

[0030] ##&HJ!Tii. Wt=GaN»R*»4 L<«6 

Sb*»^*4»J:"3ai«r<t47a)S-caB«LTt,J:v^ * 
[0031] *«Wfc4JV»T , c**>#|*|fc:jR*l,fcA 

i/o>*. -e-oia^ftKJi, sa^io (oooi)i 

TtJ:v%. ^coi d&j&gfcte. Mi(oi-io)± 

WGaN(7)<0 1-1 3>2r[6FV£0j&ft, A® (2- 

I- 10) ±T'«0G a NO c «fcfr|ft|'\£>flfcft. Rffi ( 0 

II- 2) ±^GaNO<2-l-l 0>^T[6J^O^ 
feet I/. fctjAM (111) Sl+««»iB)±"Ctf> 

GaNOcWi^r^cOfig^fel.. **l£>«9*&tC4JH 

x i> . na«as<ofeftoN»saiH^»4 c: t tfx-z h . 
[0032] vc . ±Hfc:cteiM5#Rart- 

JKrm) fc*ru ifife B B B <oc»>'o. i o- ~o. 2 

5° -f*lTV>&,rtrt**?ifcL<, 0. 15'-0. 20 

a B B tt$rf6]±$-^. &&MU\^XI,*m^F<r)<mi$:Zt>lzfa 
±.Z-£2>ZbtfX'ZZ>. 

[ 0 0 3 3 ] »flLh^U-if^>^flBiOf^S! 
■TS^, MOCVDife&*#iL<ttfl!Sii*. *<0{3 
*\ tH^X^?*^- (MBE) ^OffeOXf 
S^Hfcft^j&SrfflVvtkJ:^. MOCVDftCftfflS 
ftSlTOcJi. fcfc&tf. hVX+)UtfV*7J> (TM 
G) . h'J^f/l.WS-^A (TMA) , b\)X+A> 
W > : J*72» (TM I ) . NH 3 , i3«fctft'X^?o^ 
^xX^yPV^-^^A (CpjMg) Ztlh 

mvx-h. £m%it-&h*m.&x'% ^wmx-htm^M 
coi>co tmmth z\ b a*T£ s . 1 1 1 - NjMt&wt 

sWV-J^hbLX. nl^U, Si, G e> S 
n. O. S. Se^feliTe, pSO*§-£ii. Mg. B 
e. Ca. Sr. Ba s Z n £*;i2C d fcteffl-f* -I b 

[ 0 0 3 4 ] £fc. *»DJM\ «ffc, «#*?fc»B3 
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— H (LED) £*tf. U~ **H^K1J:*1 
Hf. «v*«j!ttfcSfiu ffiv^QttiKE. 4fc«ffiHH*« 

[ o o 3 5 ] 0 1 (am. #3S«su— *f b ixmmz 

ti&*mitz£&^i^&co-a#;Mt:if;LX\,^. 
G a Nil 1 0 2<0— 2TO±S 1 0 2 A±{C nlfi 1 
0 1«$W^5. nM^fiil 0 1 t«-T-&±ffil 

0 2 Ai±NiR«HflBT* 4 . GaNMl02 «0ft!!^rO± 
ffi±fc:t4, nSGaNJfl0 3. nlA 1 „. , G a 0 . 9 N 
^77HI104. nSGaN^tf-f K/ll 0 5. 
*^#FOSBt« 1 0 6 . plAl 0 .,Ga M N^'J 
7/07^110 7, plGaN3t^H110 8, p 
lAl 0 .,Ga M N?77h'HO9, plGaN3^ 

??bmi io. tJit^pffinai i lAwaMts*. 
[0036] mmm 1 

OT^ti^:. ^-yr^rmW.±lzH-vPEmz 
J:OGaNIIBI«:ifi*S-fr, »&*ufcWK£««i: LT 
ttfflU Hi (a) t=jjr*-¥#fl5U-ir£W«U:. 
[0037] £-f. (000 1)Mfl.t7r'f7 

mfozmftL. mocvD&zm^x. &.T<vzmx\ 

m3uTn<vm*-V>Ty\<-y°GaNm : £Tm®b LXJ& 
a^Ut7r^7«5:MOCVDglrt 
(c:^At. HzSHmo^T. 1 1 0 0°COi«?aT'^U 

T*f (H;) S-10L/min«L^. 6 0 0'C 
t'NHjth^fM'J^A (TMG) $r^-fl-rix5 
L/m in. 2 0 m o 1 /m i n tT . 2 0 n m 

[00 38] — STMGOtt*&Sr<?±t. St^ 

1 0 5 0*C£T#iSLT. TMG^l OOmol/m 
i nf AL> l&TfflT3umCDmZcDT>V-TGaN 
mZ&SkZ-th. TMGt3itXNH 3 <Ott*&S- 

fi^-iirfc^^T-f rat«*jRoai-r. <K?aA.y7r-® 

bLXli. GaN^tfOfti?0fc. h'J^^T/US-^ 
A (TMA) . TMG. NH 3 ^ffifflLT. A 1 
G a A 1 Nm*&f$.LXi>±^. 

[0039] IMttmX'fmLtzTy K-7G a NT«S 
« (*<7>&$mi*G amtQM) ±t;GaNjf^^^ft$ 
HirSf^. 777^^4^^^ JI£2 0 0 0A-C\ 
m7um. ^Pral 0^m<50^h7^r^c^A«I$iJ)KSr 
^BKL. *<0±fcH-VPEttT]g«JfcfifcffV^ Tffl 
5rGaN)?Mf£ft$tS. *||*fi0lJT(i. figftWJJK 
b LT. «^t-AjiMK£ (EBS){:J:»)IfUcS 

i 0 2 U7th'J7/77 -r tmi^Xx. y+yf'Ltz 



'(6) 001-148533 (P2001-3)33 



WtsMZT* Y-TG a NTJftMSrW^ r^fTl 
fcNH 3 £, <Ht-m5 L/m i ng[ , 

iasjei o5o-c£-e#ia§-£&. assLtt 

GaC l£l00cc/mi n#ALt G a NJJK^ 
ftfcRKfr*-*. GaClli8 5 0 , Cl«iiy , 1 :Ga* 

F-try^lrff^Ci:*^-?.. *2SjtWTtt, S i £ 

i/7y (SiH t ) £200nmol/mi n«&L 
t« Si K-7G a Nil ( S i TOH$RJK : 3 . 8xl 
0 18 cm" 3 ) ff3B#rao^T3 5 Ojum 

<*>GaNJHIt£»4. Clc0 e J:a^*^T'O<^^G 
a N<r>m.$kmiiG a»*HT'»* . S i <0 H-ti^lC 
MUGi, S i H 4 {cH^>-f s *:/?oui^y (S i 
H 3 C 1 ) , i/fuuisyy (S i H 2 C 1 2 ) , bV7 
uoisyy (SiHCl,)*, fteOJR^Sr^fflLTt 

[0040] mmiz i 0-9-7 r>f7is, mo 

CVDfttiSrVH-rGaNI, S i 0 2 SI$rl$* 

u N»«rana«as*4'c»F*i/c. hi (a> (sr-j-g 
N»*iirr*o, RSt«B<oja«««iif«Ga#wKiiT* 
[ o o 4 n »&*ifcG a NmmzmLk Lx&m u 

&T^)btS*). MOCVDifcfcJ: K>%ftm?mmzf8.g: 

SitS. S^MOCVDgiWtlAL, N 2 

kNH,S*nW5L/mi 0 5 0*C 

4 T*#ffif £ . aUE* f ±3Wfltt' * U Ttf * £ N 2 £> 
H 2 Kfti.T, TMG5:100^mo 1 /m in, Si 
H 4 £l On mo l/m i niALT, ilt^fnS 
GaNill 03S:4//m^S-ti:^. TMG» 
g£4Sr5 0/imo 1/mi nCilL, TMA5r4 0/z 
mol/minSALt, nfA l 0il Ga 0 , 9 N?77 
H«104$r0. 5um<7)mZX'l&£:Z-£Z>. A 1 0 . , 
Ga 0 . 9 N^SA*7t4L TMA<0M^M 
U TMG£ 1 00/zmo 1 /m i ntCWSLTs ni 
GaNf*'-f KJfl 0 5£0. 1 AemOffSt&S «fc a 
{CJfcKS-tfS. -e^f*, TMG, S i H 4 c7)et»&$rf|tih 
LT, *^T#X£H 2 5!>^N 2 Ki?tfft;iT, 7 00 

•c£t&&su j yis^^mmThz y vx+jm w 

<7A (TM I ) £ 1 Ojumo 1 /m i n. TMG£ 1 5 
/iraol/mi .n^AL. I n 0 . 05 Ga 0 . 95 N«fc 93r£ 
4nmiltofttaJI£j£jt$-fr&. -e«Of£, TMIWftJS 
JiSr 5 0;umo 1 /m i nlCiljDL, In 02 Ga 0 . 8 N 
<k9&&2nmiP<0#FJI5:J&fl£-e.&. #FS«iWn- 
3®, H«*)*i£TJR*S-£, #FJIfc#F/I2:?)IS3;fc 



#F (MQW) <nmtm 1 0 6SrJ*K$-fr4. 
ricKrfrt&T-r&fcs TMI fc<£t*TMGOtti|&£fpfitL 

•c. srxi 0 5 0ic4T#iau ^xVT/fxzmxfN 

2 *^H 2 tCft^.T» TMG55 O^tmo 1 /m in, T 
MA^30jumol/rain, PMY-h'yymfAX'h 
&\iXi'7n^v?i;x.—)V~?y*l'*7J± (Cp 2 M 
g ) £ 1 0 nmo 1 /m i nSSL, 2 OnmfOplA 
lo.2Ga 0 . 8 N^'J77n7^il 0 7£j&K$-£ 
S. ^t'JT/D-y^l^A^TtSi:, TMAco 
flH&fcfflhU TMG^iJ lOOjumol/mi 
ntilU, 0. 1 ^mCDHScOpMGaNfttf'f H 
ill 0 8^ft$tl>. TMG<7)«*&5r5 0^ 

mo 1 /m i nCSHil,, TMAS'40^mo 1 /in i 
nSAU 0. 4^mf(?)plAl 0 . 1 Gaj. 9 N777 
YM 1 0 9 ««t=. TMGcOft&S: 1 0 0 

//mol/mintlILT, 5rfP.il: U 

0. l«mf«pIGaN3y^? h«l 1 0OJ&K£ 

?Bfc»^«5itf>j&fi£&T-rs . saw***!"*-* 

fc, TMGt5j:^Cp 2 Mg<0«*&SrfPil:LTI^aU, 
S»T»R^MOCVDSaiJ:"9IX0{lJ-r. 

p-GaNny^hifl 1 0£ 5AimI«7)Xb7-f7 
«C»U p-Al 0 .,Ga 0 . 9 NM^ 
i-y^i"/?:^, 3t*ift»*»J«"r4. <X^X\ p- 
GaNgfrSHcPdSrl 5 OA, AuH 0 0 0AJII&3S 

mtx. piiii i i^mm-h. ±tz. mffiMj£* 

2 0 0-CmmzWh. GaN««^N^4Sgffil 02A 
fc, T i 150A, A1J1 000 AWItfrJS* 

minti:I.J:5t, H5^f Ji-vf-yftet: 

[0043] ttiO/otXCi 9»&*Ufc*N*ttl'- 

HI <b> CSrJ-fcfc'JT**. nltfcSGaNffig 
1 0 20/f^ltiltiJV^Ts nlW (Si) COjffig 
{5(5(5'— ^T'$> 0 , 3. 8X 1 0 18 cm-3-C'S)^. *H 

flW8t*K3&» 1 • 2 k A/ c m » •& . 3E U -If 13« 
LT, HttififltofcttTttl 0 0 0B#iac7)^MifeSrll 

[0044] JttS^Jl 

^Jfe^J 1 Tn^tlfzG a N»R«ON»«]iffc:#JifeXt 
^*S/+iWj«8*, Ga^StnMm^tr^L, 
U-~f£mtz. H2(a) t3fRHS<lfeGaN»fl:^«) 
iNW^P— y^BRBEI. H2 (b) CGaNitOiS 
( J5^i*i ) <r>^nffiteg.ya 7t4 iVZyfct. 
V— tf (iJTFOT n-fe X(c^o T ISSi! $ ixfc . 
[004 51 MOCVDS(C<t47yH-7'GaNli: 
SiOjI^M, fcit/H-VPE&tCiS^ftti, 
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fcRWtfJtfffiT. GaN«S2 0 2±t s nSGaNl 
203, nlAl 0 . 1 Ga,. 9 N?77N'I2O4 < nS! 
G a NJfctf-f KJf 2 0 5 , £fii^#FcO?BtS 2 0 
6. plAl 0 . ! Ga M N^ l J7/D7;i207, 
plGaNWK!2 0 8 < pIA J „. , G a 0 . 9 N? 
7-/FJI209, pSGaN3>-^^hJ12 1 0 S i3«fc 
tXpSm®2 1 1 SrJ&jfcU S&lC, Ga^B2 0 2 
Al:nlti2 0 1 StAM^S. 

[0046] abtti&mt* m&Tu— f&mizmk 

5r*»o3t. U— r&g£§'J&&*>o/cKH£8SS/c£> 
fc, HftfifHli:|SI«t=LTGaN«R&ft«U. N« 
I!:Ga|?ffi(:,gO. 5mmOTi (150A)/ 
Al ( 1 0 0 OA) ^fiE2 0 lfrl . 0 m mO^PST'-e 

Ga^Sffitl^S^nlliW^-yJ-iKL- 3 
OKinllffi. 3 0 2«4GaNS«$r^-r„ 04(4, 

g aN$toN»»M§^ nmmmnwsa-m 

E#145r^L, 05 Ji, G a NffigcDG aftlSiB&aar 
nS«Stf>«8S-«E#tt£iF"*\ 04 iZ^k~tX 
otZN fflmJtn n M««i(4 , S v ? Wttfc 

5**-. — 0 5 Cijt-*- J: OCG a*|SSffi±<7) nSfi 

■5. 

[004 7] Ga^ICfftttSGa^y/'jy/ 
&t&W&X\ T i / A 1 * 0>WS*#jRL*:*£. R 

'&t>titzmmiti/3 vh^-nm*^ 
&m?tfmmizi?&L®&mit&\.\ l/c#->t, n 

S •/ 9 W&tt-t n!tS5r £ k & . 
[0048] — G aMIiWG a NSWfc^S* 
*{W§Oxt**W/l'jay*li, 1 0 0 0 , CJ2Lb*>KiB 

S*U Btf^GaN3f^£*¥IWWi£#jS 
■T 4 i i: #T'§ & £>il.2> . 

[00493 mmz 

V-nyYUS i H,<7)«^MS-1 Onmol/min 
-lOOOnrao 1 /m i nOKItH^cOlhL. H 

-vp e8hc x wfflmm<7>m%z> g a njhr* *ti 

»4-«t:ufc. *cr>m&im±. mmmitnux-h 
~>tz. &btvrzG a LNw.mzm&.bLxmiLxntm 

U-Wfztbco&mit* GaN»Kc75Ga^®±T'X 



[00 50] 06(4, G a NJ»BI£: £l£<7), S 

i H t mtmbm*£i?&ii&ttmmmb<7M&i: 

fHrf. B7(4, GaN^+^TOfittiRKi:. ISGa 
NS«[£«ffl LTfEfS L/c \s-*fcomm%Ebcr>m&£ 
*rT. 08(4, GaNaHR+<VPttftiftKfc. iGaN 

09(4, GaNmR*(0*mmj&b. UGa. 

[005 1 ] 06(C^$*t&J:oC, SiH,«*&*i: 
GaN»Rtt«VF«tt«9ai. Jt^J58«(=*0s S i H 
4 lOOOnmo 1/mi n COBfrOTOBfejgJK 

(4, 1. 6 x 1 0"cm- 3 ?»5. I27(c*$^lSJ:o 
tC, GaN^4»^«fl«a»*niJlrt-*K:«-5T. f£ 

4. £*t(4, GaNS1£<7)jgfit#, ^«flj^»#T(ST 
LT#TV^»£iJ:&#, ^ftULLGlNIWHHi: nl 
ISay^^h gfrft-C£ t 4 v a -v b *-&mtf1BM L 

xmrnmrnmrt. $ro 
x\^hb&z.tytih. mmmmmt. GaNns^ 
mmmw*) ixio"c m-^j.±xim 5 vns&M 

[00 52] RW, 08(4, G a Na^WTOMtBiME 

**j 1 x 1 0 19 c m-*a±.tz&&b , if<056iBia 
tfWSEWflE*^ * (CifJP Ltttf) , 5 x 1 0 2 1 c m- 3 tLh 
T'(5(4'2kA/cm 2 gJgc7)<i(ClR^LT^4„ c^I 
fcl4, 09^$ix4 4 5{C, GaN*««f^»*^ 

sa^i x 1 o i3 cm-^iii^0K, mum?) 
^mmmm. $ **itJo l^t % x vcea lt v ^ 

L, U— T^SrgJiH-S^'f HJil*IT'O3t<0^Uc*<lffiW 
L, -eiX^raffl«»ri^OiiJP(-o^*^TtT^4i: 

[00 53] ttz. U—fC0Hmizmm L/C G a Ng« 
CON^^ffi(Bj|(CnlIfii$:BS;L, Trans Mission Line M 
odel (TLM) atCiO, ^RKttaWfcW4««i0a 
6lSrii^/c. c:^l(4, aiJ&f^r/l^fflrtTi^—T** 
k <£5£ LT, m^raffiSifiic^lt* 1 ^>^fttitSfii5r^4 
^•ftT'$>4. 3-014, T i ( 1 5 OA) /A 1 (100 
OA) , tM X3 0 0//m, ^PSl 0~1 0 0/imcO« 
fii^'-x hVN-^-y$rffifflL/c. 

[00 54] 010(4, GaNa«4><VF»e«»«i:18 
JHJtffitfcfc^lHffifcii*-*-. ^^iHJS^'1 x 1 0»7 C m 
- 3 SrSi.4k«MJt«tJi*Uxi 0- 6 O • cm 2 WTk 
=5r 0 , ^Of*(4^l$!f?!)igJK^*JD bbh fcitffifit(4T# 

[0055] Ja_h<0fe**»<?> , G a NS«c7)^*6!f5)j?8JK 
(4, 1 x 1 0 17 cm-3JiLhl x 1 0 21 c m-aOTsMB* 
L<, 1 x 1 0 17 cm-31JlJbl x l 0 19 cm- 3 J3lT3&*J: 
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too 5 6] mmm3 

rtI{C3SWbS-fr. r*-?£PS!b*:. HI 1 (a) 

0, 01 1 (b) (C x GaN^Olf^faOWfeJifl 
JKTD 7 t^St^T. ddT'figffl^ixSGaNS^l 
0 0 2i±. SiS V-TG a N« 1 0 0 2 a (Si 

: 8. 0X1 0 18 cm-3) t. S iil^H-TG 
aN11002b (S i TOgflrilft : 3. 8x 1 0 18 c 
m-3) nMflSil 0 0 1(1 SS1002 

<DN$|3S8ffll 0 0 2AC»flfcS*lTV*«. nMttfiilO 
0 1 iC&jBrTS N*?ai^iItSGa N if 1 0 0 2 a 
ti, U— lfflEftfc:**W-*G aNl 1 0 0 2 b i 0 

[0 0 57] MOCVDati57yK-7GaNIJ: 

s i o 2 jgi^fig(i, hmcti tmmzfto . 

[0058] X h r«OiSft«llMR&*i-4 
TV F-7GaNTJfiiilS*LW7 r-f T»RSr. 

Sr. <?-iV?*l5L/mi nSLW. *&<9&JgSr 1 
0 5 0*C4T'#ffi-$-£. -£<7)&. S«±fcGaC 1 §r 1 
OOcc/mi nIALTGaNfIcO)SlJ»t 

GaC H4^8 5 0-Cfc^$iX/v:Ga^JS^HC 
l^X«raW-itfc:J:0*JSS*i4. 4fc, ««aS&4 

7ZftoZktfX'*&. S i SrK-ty^L&^j&H 
SHJttU t/y7> (S i H, ) £3#|iL 500n 
mol/minifeLt, S i « h'-7"G a NJf 1 0 0 
2 a ( S i TOiBHai&g : 8 . 0 X 1 O 18 c nr 3 ) £ 5u 
m^$-ti-. %cr>m, S i H 4 COgijaS-2 0 0 nmo 1 
/mint^it. SiMH-rGaNfl002b 
( S i ^mm%. : 3. 8xl0"cm-3) Srj£*$ 
ff3B$ra^^T'3 5 0^m<7)GaNJJR$-#^„ 
■TOJ: a^T'f«L^GaN(OfigI (xt^dfx 
^ffi) ttGa»SBiSTftr>fc. S i <D K-t^tcH 
LT(i. SiHjCI^t/^nny^ytSiHs 
CI) . -/70D-/7>(SiH 2 Cl2) , h 'J? on 
(SiHCl,)*. teOWB£ttfflU"CfcJ: 

[0 0 5 9] J&»f!L WaicJ: 0t7r-f7iS. MO 
CVDajKiST^K-rGaNJBL S i 0 2 JK5r^* 
U N&^BtftiiSiTWSl/C. GaNi«1002 



J^«^fcLT»£ixfcGaNl««£»SEi:L 
TttfflU NWJffiBl 0 0 2Ai;{4S«ffljWGai»SBaS 

nSGaNjfl003. nlAl u Ga 0 , 9 N^77K 
Jl 1 0 0 4 . nIG a NftXM K11 005, ^Sfi^ 
#FcO^tS1 00 6. PlAl 0 . 2 Ga 0 . 8 N^'J7 
7D77110 07. pHGaNJbJf-f HJB 1 0 0 8. 
PIA 1 o. iGao.sN^^'yKSl 0 0 9. pIGaN 
nv-99Ym\ 0 1 0. fcitfpMmfiil 0 1 l£^f£ 
U GaNS«c7)N^ffil 0 0 2A±lCnMtE«il 0 
0 1 ) 5rf£9ii*. 

[0060] »A>*ifeU— fit. ^SOgOMCE* { *«75 
V. BHraSSffJR^ 1 . 0kA/cm*T*o3t. B3ffl 
ififlKOiftfr'?m 5 0 OB«a<0*«Klfc*iaSLfe*<. 

[006 1 ] ibWJ2 

GaN«R^>Ga»i8ilifflifc:S i»H-rJiS:»J«U 
*«Ga»fii(:nItfi*fl«Lfc. — GaNl 
N »*B5±tc U-lf sS^-fltiSO^OX f ^ # i^-v 
/WRJMIfe»«Ufc. 012 ( a) fc, fBRSftfcGa 
NJMt^HjiN»«cU— •TOKflBBL 012 ( b HcGa 

7r-f/l'5:St. GaNISll0 2(i SilfH- 
TGaNl 1 102a ( S i : 3. 8X10 

*» c m-3) k, S iSK-7GaNfl 10 2b (Si 
^« : 8. 0X1 0 18 cm-3) hfrt>tt%>. U— 
IfflBSJi, S i « H-7-G a N« 1 1 0 2 b ±tCjfM§ 
ttX\^h. ng^Sil 1 0 Hi. SiMK-7GaN 
illl 0 2aCOGa^SSffll 1 0 2 A±.t,zBf&ZtlX^ 

[0062] MOCVDjiCiSryK-rGaNRi: 

s i o z ip)M(i mmMitmmiz'ijo. xh^-t 
7^<r>&mmmtt-r&T> k-/g a nt«ui£j£ 

IS«:t77'f7lSS:. H-vPEgfrtCSAt 
•£>. N,*t'J7WtNH,fc. Wa5L/min 
SL$r#£>, S^tOiSJK$r 1 0 5 0°C4T'#ia-f-g>. * 
SM±(CGaC UlOOc c/m i nSAU 
GaNUJK<7)i£JI£IS#rt£. GaClli8 5 0X:t:S 

[0063] S i £ K-b'>-^L&*^j£*£fPa#?U 
t/^V (S i H 4 ) £393B$fSk 2 00nmo 1/ 
mintft^U. SiMK-7GaNI1102a 

(Si^WS: 3. 8X10 1« c m-3) £345ju 
mj&ft§i2r. -f-Of*. SiH,(?)jSli500nmol 
/mi nlC^xT. S il^H— 7GaNfl 10 2b 

(Si^msm.: 8. OX!0 18 cm-3) Sr3^« 
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(^5^m<7)/f§^ffiS) , i&3 5 0;umCDGa 

«aiWiGaimaiB"c*4. 

[0 0 64] j£«3L Sftt^iO^r-fraHR. MO 
CVDStiSTV F — 7GaNR, S i 0 2 !B!£Bfc£ 
U NWBHfc:«r&*TflWL"r. GaNS^l 1 0 2 
JSLh^«l=LTff^il^GaN^!8S:S«?i:L 

-wufcRfcrnu 3&a&?imi&&. mmmitm 

nSSGaN/f 1 1 03. nlAl u Ga 0 . 9 N? 
77K11104. nlG a N3t^M FJf 1105,$ 
*fi^#F<OfBfcJf 1 1 0 6 , pIA 1 o. 2 Ga 0 . 8 Ndf 
-v 0 T7n 7^11107, vWtii-i KI1108. 
piAl 0 . 1 Gao. 9 N?77KI1109 s pfGaN 

aytivmi i 10. axx/pmmmi 1 1 

L. GaMIl 1 0 2A±KnMfl;flil 1 0 1 £JBf£ 

[0065] aa-citttiaiu**» 

Ofc. -f^L^GaN^CON^StGaUffiffllC-?- 
*L-«tT i/A 1 ^)nSlS5:ML. **i£>tf)8rttS: 

[0066] — S i F-TJi*)N»ifflHfc: nl 

mm (Hi (a) <oi o i ) s i?s 

F-TJl^N*|3S®tnS«Ss (011 (a) (01 0 0 

0 1O&MJtffiCtti3X10- 6 Q- cm'gJgT'&O. 
nlfl 1 0 0 1 <D%£ii. 9X 1 0" 7 Q • cai'T* 
-DJt. Lit^oT. S iSF-7"Jl^N*|Jffi®{CnMm 

[00 67] $tz. MOCVDm^X-oXM^tl^T 

y k-tg a Hm<?>Rb <o X 1 0 1 8 c m 

■ 3 nj£<os i TKY-rm&BOiLs ms im\ t -rm± 

t^t*«K2x 1 0 18 cm-3OGaNMMU. 
ISi H-rGaNiiON^ffitCnS«ll$rf^l!5L 

^ t . &me>mmMEtf%> 5 v . mnm ft^ 1 ■ 1 

kA/c m 2 TJ> -o . &{i^:XPB#Jt$&fl<7£V *i« F 

[0068] mwi4 

zm\.K is—rzimLtz, mi 3 (a) . 014 

(a) .015 (a). 016 (aK 017 (a). 

018 (a) *ti?ti. j&mMT&mLttma 



(b). 114 (b) .015 (b) . 01 6 (b) . 

0 1 7 ( b ) . 0 1 8 ( b ) 14. #G a N*ffi<0lf 

[00691 013 (a) CO&m 3 0 2ii. GaNS 

«HJS*W-ri» ) £f*lU ##1 3 0 2Ai2Ni&aigffi 
3W\ nii (0^§TB&) JiN*|«ffi(Ctg-rS. mfoi 
3 0 2#<7)^m<M&&l,i. 013 (blCitiaC, 

ts-h^x. w&mzti&Lx^h . 

[0070] 014 (a) &XX/ ( b ) iZ^tX 0 fc, 

g a n£& i4 02ii. T-mmmtf& t is < — src* 

&SllGaNJ!l40 2a. XTAA^rA (JS^fa) . 
t^!f^8JK* i lEiaW^5«^-t-i»^2 GaNll402 
b. fcJ:tf*»B^J^fcffi<— 5^*4#3GaN 
Ji 1 4 0 2 c Sr^TtS . N»*B51 402A<inS«ff 
<EK**«*> 

[00713015 (a) is XI/ ( b ) HZtRTJ: 0 ic. 
GaNSI 1 5 0 2ti, &hm\^nVmmfrt>&A-1i 

rtciaiiwt^waiJ&^jfiiH-im 1 g a n® 1 5 o 

2 a , ^M«-gi7)S2G a NJf 1 5 0 2b. &X 

x/m*xtotz^mmmi) t &>b$ x-wm^zm^t^ 

EGaNil 502c£3rfS. nlfi (0^«B&) 
iiN&JjgB 1 5 0 2 A t &th . 

[00721 H16 (a) fcitf (b) ? 
GaNIf 1 60211 ^*E^JK*«fi tS< — ^T* 
^lGaN11 602a. ^UfittiftK^ffA^ntltC* 
^H-5$2GaNH 602b, fcitPIWWM&WII 
kffi<-jrc*4fS3GaNJBl 60 2c£*T*-4. n 
mffi (BK**tt) {±N$|«®1 6 0 2AK«frS. 

[00731 117 (a) fc it* ( b ) KSrf «t o 
GaNlffil 7 0 2(Ci3^T. TOfifttiftK t± . 1?^^ 
tCM^-TS. nlti (0^*BS) N^Sil 7 0 
2Afcig"f £. 

[0 074] 01 8 (a) !3«fcV (b) iZ^XoiZ. 
GaN«Sl80 2tC*JV^-C, ^«%iftK«. ff^tS] 
IzW&rfh. nil! (0^«tt&) {JN|^i!8®180 2 
At^-fS. 

[0075] 013 (b) . 014 (b) . 015 
(b).016(b).017(b) t}J:^018 

(b) iz^xttmffitmzztizixG-thG&Nm 
WL*m^x. wmi bmmzis-^mttimLtz. 

(4. 07 iz^-rx o tznmwmmwmtoiux&zt* 
<&&Ltz. *m&miz&\^xi>. $mizmti&mi&m 

=F(D 6 0 %lJJLh* i NJK^ X'h h N«tasf(c n mMMZB 

m-hz\h izx <o . &w%v-^im.tf&bixtz. 

[0076 3 HS6^J5 



t 
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[0077] 019 ( a ) iZTfrtZ ^GaNl 

1£S:£fflU:. mm 9 0 2i4. 019 (b) lzfjk-f£ 
0%*MWm.-Tu7T4>Vtt-$-h. N*|^S190 
2A$-*-TI>GaNS^l 9 0 2fi. W- $ 5 mgJgcT) 
S i H-TJl 19 0 2a (Si ^fcgifejifig : 8 . 0 X 
10 18 cm-3) . Si H-711902b (Si?fti 
$gj£:4. 2X10 1! cm-3. Si^h'-rll902 
c ( S i WVmm : 8 . 0 X 1 0 18 c m-3 ) . Si K 
-rm 1 9 0 2 d (Si ^Wfamg. : 4 . 2 X l 0> 8 c 
m-3) . fcitfS iSH-ril902e ( S i 
«g:8. OX10 18 cm-3)3!!^M$tll>. 
[00 78] GaNa«£7)iaigt;S>^oT{i. H-VP 

K-rJf 19 0 2a) fcGa^Sffil ( S i i£K-TJi 

1 9 0 2 e ) <r>^£< 1 1 2®mtCi^F^!t?J^^ig(t 
fc. GaN»KcO#®^*JV^-CS iiHSJi— JgfcrL*:. 

mmm 3 1 mm^-mtv. g a^nci * ^ 

/HSft&frVV nMGaNJf. nlAl 0 .,Ga 0 , 9 N? 

nSGaN3fc*M Hit. ^M^#FcO$fc3fc 
«. PIA lo.2Ga 0 . 8 N^yT7'o.y?J!, pMft. 
*MKJf. pIA l 0l |Ga M N^97 KJg. piGa 

rasmE* { ^5v. wumKxx#m kA/ c 

S5GaNI2002e>SlGa 
>SI2GaN12002b=S4Ga 
H2 1 (a) tr5^GaN36«2 10 2t±. ^ttttaUt 
-^£0^1 GaN12 10 2a. ^F^ilUg— ^0^2 
GaN12102b s ^»«J«K— S»» 3 G a N Jf 2 
102 c. ^^ilUK— 5£<OSfS4GaNjf 2 1 0 2 d. 
*Jj:VRK«»K-^<Ofll5GaNJf2 1 0 2e)!i>t>i 

S5GaN12102e>SlGa 
=!4GaNI2002d>f3Ga 

02 2 (a) l;SfGaNSt2 2 0 2li. TOfttriftK 
-5g<7)3S lGaN|2202a. STAJt3T|B| 

(6]) fc:^«1«ME* t *lttirr4JB2GaNJi2 20 2b, 

*«fl!»K--j£tf>IS3GaN*2 2 0 2c. 

ft (Jf^ffiJ) fc^«»iMEs6«itt!lIrt-*3P4GaNjI2 

glGaN!2202a>^3Ga 
e (*3) 
020 (b) , 121 (b) . i3«ktK02 2 (b) tZyjk 

-7*il*<2B-C't>. 4Jim±T'$>oTtffi^V^ Ga 
NSSCtJUT. nffimffii:S*lrr^N#|Sg®«:^jig 



[0 0 7 9] ft*LfcGaNfflKtf>N»SSBBi:Ga»i 
SCTi/Al^nSfffi^jSL, ttttSrP^. * 
tfHML N|*W±(?)nilSll IMP3r*-5-y?W 

[0080] S^C. 020(a). 02 1 (a).fc 
itf02 2 (a) lZ7f:~rGa.NmWL**tl?tl®mL 
T. ¥*f*P— •TfcfWSLfc. 020 (b) . 02 1 

(b).B22 (b)tt. aa«MLtGaNi« 

[0 08 1] 02 0 (a) tifGaNM2 00 2 
ii. ^*#&igJ£~5g?)mGaNJf 200 2 a. S1G 
aN120 0 2a < t')«< £tf>TO61!j»Kfc*rr 
SS2GaNl2002b. S2GaNl2002bJ: 
OiS< ^-©Z>^ftaW£3r*-&* 3 G a NJf 2 0 
0 2 c. m3GaNJ12002c iOfflKrt 1 -?— JgO^ 
«S«ME^ *T43B4 GaNI2002d. £1/^4 
GaNl2002dJ: 0 a < ^crt^U^M&i^ 
■n»^5GaN«20 0 2e*^ffiS;$ixS. SIGa 
N12002 a(4N^3©ffi2 0 0 2 A£^j£-ri>. ^tt 
ft»»o*'NSWRii, 5« < 1 ) C^JIO-C**. 

[0082] 

NJf 200 2a>^3GaN12002c 
N12002d (stl) 

SlGaNi2 1 0 2 atiNi&Sig® 2 1 0 2 
A£?»fcr*. T*6*iftSO^/MJ8«l4» (2^2) 

[0083] 

NI2102a>^2GaN12002b 
N12002C (5S2) 

20 2d. fcJ:lPFi!sE!fe^-£OSf55G a N/12 20 
2ej&W->»j£§*l*. SlGaNl2202aliN« 
ffi2 2 0 2 AfcJBjSf*. ^$^JgO*/hWfiSli. 
(5«3) tcSrt-aiOT**. 
[0084 ] 
N/1 2202c>MS5Ga NJf 2202 

v>*it3fi«»*Lv^. fii&v^*#t^J££WLT^ 

^<fct l^ibtmiw mmz&vmm&i&tt 
?&Ktemw±< l znmmmzB&-t&zbiz£')ftii.L 

[0 08 5] 

*HM<51J-C'(i. nSfs*8tt£*-f G a NS8i$rj£ft$ 
tUGe^ttfflL^. 
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[0086] t-r. mmmi tmmz. h-vpesc 

(Ge) Zmfe&mAL. ^tt3 5 0^m« 

muLtz. j&nm, mmzx t^tsi, moc 

VD££i;4TyK-TGaNJ8L S i 0 2 ]&£|&£ 
£«i£fflvvC. HS6^|ii:|pl«lc, Ga^SfiOtcW- 

ZtlZtlSVWg.. 1. 8kA/cm2SJg-C?>o^. 
[00 87] im.M3 

HJfeflJ 6 k HtttC H - V P E fete J: 0 G a N J9jgl£ 

GaNfflttf>|£*«f>. S i H,tf/^^A 
(Ge) £Efa£*#AU £-ff 3 5 0 v m<vm&<Dfii%. 

M&^j£fc*5WC, GaiRSBiBfiSCS i*J«tl^Ge<OW 
K-rJfSrfeO&A,*:'. ISife0»l6k|3)8H;:8Tg£*T^G 
aNil^. i^GaNHSOGaMffitn 

1 fcR«fc. WfiWj&ftfiRtT&iktcJ: Wt^s 
[0 0 88] 

SOtW3<OJ:at='FICft»K*S5fbS*fc. H-VPE 
ifefcliOGaNliiKOjaft^BIBWikfcttC. SiH 
«*»r5£«»AU $fc£«*Htt&*4»3#HL Ge£ 
mXVtc. ZoLX. S ifcitfGefc^trTOGIWME 
OKV«l««tJ!«bfcft. Ge<0«&£fW:U S 

ffiV*I21H«£JBjRUfc. -&Vr3 5 0umJ$.frnmfecr> 
^«S^^Sr*t-4nffiGaNWR*fHHtfe. * 
<0f£. WetiOtf^^GaNSKSrMOCVD^B 
CIAL, Sat«3kH«C. Ga^SgnW^tf^^r 

vTWMSi&vmmi . as 1 2 4 . 

[0089] £OJ: a CLT»MlJfcl'-ir*T*>BHI 
ra&J:tfl9mSK&i»*. «i«i5VS«, 1. 0 
kA/cm2gJgi:V^iKV^T'S)o7t. dOidtn 
SPF&^k LT S i t3fX'% < G e t ffifflT't 4 £ fc# 

*£WBl/C^4. H-VPE*t*JV^ 
t\ HC 1 #*l=-£*ft.40*fciWEUfc*K GaNjfc 

4. 

[0090] mmm8 



BE) &£J:9NiKI|lincX*.. *<0±tnS1lffi^je 
j£ L£ . *l8tt«fc: J: 4 U~1f SH^flRt £ 12 2 4 (c* 
GaNi«24 0 2(O-^±I24 0 2Al(:p 
Mffi24 0 1jWE&£$*I.TV*4. p!ti24 0U 
«^4±ffi24 0 2A(iGa»saBiT**. GaNM 
24 0 2Ofltfr«)±jB±fc:(i. PlGaN12403. 
PSAI,. 1 Ga 0 . 9 N;77Hl24O4, pfGaN 
fttf-f H* 2 4 0 5 . #fi*^#F?)?Bftl 2 4 0 6, 
nlAl 0 . ! Ga 0 . 8 N=ifA' l J7yD7?124O7, n 
MGaNfttf-f HI2408, nfA 1 „. , G a 0 . 9 N 7 
77H12409, nlGaNay^; hJf24 1 0, 
t3XX/nmmM24 1 ljW*£JBj£S*Vtlr*4. GaN 
^*lC0ft±it'S)SnlGaN3^7H2 4 
10(i, N*|SSa24 1 0A£1rLT;B9, f«±Cn 
Smii2 4 1 1jWE&£3*vC^4. !✓ 

[009 1] *i\ SBtMlfcfflKtc, «s»Lfc (00 

0 1 ) BB^W^-i^r-f T«R±t. MOCVDSC 
iOS/im^JW^T^K-TGaNJKSrlS;*;*-^ * 

yG&NTmmzG-f&yyTj rmfct. h-vpe 

SSKWtWA-r*. N 2 df-vyr^xkNH 3 5r. -HVf- 
ix5 L/m i nSLSrtffc. 1 0 5 0*C 

-£4. *^flL *«LB=GaC 1 £ 1 0 0 c 
c/mi nSAUGaNHMfi5rij[&t5. Ga 
Clli85 0-G:^§M:GaMt:HC 1 tfXZtfi 

-rzbtzx'o&]8.zti&. mm.®£X'Mmx'& 

S-SE-TJiktciO, ffWcjftJW»t=K-tf^^ff 3i 
k* ? T'^4„ GaNc7)^Srra^-f4k|5lB#C Cp 2 
Mg£90nmo 1 /m i ngt*&Lt\ Mg F-7Ga 
NJ1 (Mg^M*aWE : 9. 5xlO ie cm-3)?rM 

ff-3B#^O^T'3 5 0/xm<7)GaNW^Sr# 
4. £O<fc0&J&K^ttT-O<o£GaN<7)gfiffii2G 
a*|JSfflT'S>4. 

[00 92] W«t:J:»J-9-7T'f TfflR, MO 

CVDSt:J:li7yh'-7GaNl, S i 0 2 JB*£|&* 
U N»«|ffi3&*aj4 4"CW*LT, GaNS^$rf#4. 
»£*Lfca£8Lhlc. J3TR0k*>9, MOCVDSCio 
•Cl%3t»-?«jtSr«*$^4. iS^MOCVD 
^ffi(*lt«AL. N 2 kNH 3 Sr-?-^^5L/m i ngp t 
f5r*^ 1 0 5 0r^T'#iS-f-4 . mXtf±.WiUX* + 
UTXfX$rN 2 A^H 2 ttttT. TMGS: 1 0 Oumo 

1 /m i Cp 2 Mg£rl Onmo 1 /m i niAL 
t, pSGaN®Sr4^m^*$-li:4. ^Of*. TMG 
OSE*£5 Ojumo 1 /m i ntiSSU TMAJ4 0 
Atrno 1 /m i n^AU. PlAl 0 .iGa O jN?7 
•yKJIS-O. 5;ixm<7>J¥$T'J&K$-£4. A 1 0 . ,Ga 
o. 9 N<7)fi£^*^T-r4k. TMA<0{*te£fW:U T 
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MG^lOO/imo 1/mi nCiSU. pIGaN 

4. TMG, C P ,MgO«»*ffjhLT» * 

A* U 7* # X £r H 2 A> N 2 tcStfft it. 7 0 0*C4T*B& 

MI ) il 0>um o 1 /m i n, TMGSr 1 5//mo 1 
/miniAL, I n 0 . 05 G a 0 . 95 N J: 93:44 nmJf 

<mstM*t&Rz-£&. tm i <rm&&* 5 0 

//mo 1 /m i nlCtiJDL. I n 0 . 2 Ga 0 . 8 N«fc 9=5:4 
2nmIfc9#FJf£j&fl$-£4. #F*i*&tt3Ji, R 
«0#i£T-J&ft$-ti\ #F*fc#F*fc*>IB*iJ:tm« 

t£#t 4 jkdkmji * i a ^r^as^#F < m 

QW) i0fBW£j&IS$-£4. MQWoRftiWRTti 
k. TMItJi^TMG<OttttSrff±U-C. Stfl 0 5 

Ts TMG!r5 Oiimo 1 /m i n s TMASr 3 O^m 
ol/min, nmV-t'yfmmThhS i H 4 Sr3 
nmo 1 /m i ngiEL. 20nmfcOnlAl ll . ! Ga 
O.sNdf-YU T7"n.y;7Ji$Tj&K$-e£. ^UT^O 

•y ^I««i*7tl. k , TMAWi^ML. T 
MG<73«i^*Srl 0 0/xmo 1/mi ntillt, 
0. 1 wnKJOffS^naGaN^M FSSrJfcKS-l*- 
4. -?"OflL TMG<Oi^5 0Aimo 1/mi nlCp 
8U TMA^4 0//mol/minIAL, 0. 4^t 
m?OnlA l 0 ,iGa 0 . 9 N;57 A 
f&K, TMGWft^l OOMmo 1/mi nfcfBBL 
T. TMAtfJttteSrffctU 0. lwmS<OnlGaN 
vvffhmi 1 0*>jS££ffv^ fBfc^ffiiKOJ&R 
5r^T-T4. iS«3W»Tt-* 4: . TMGfcitfS i H 4 
*>«te£fM:l/t»iiU I?ST'««?:MOCVDil 

ctoiRoaj-r. 

[0093]^:. GaN£8iSrMBEgSBC*AU 
S«c7)jaK^6 0 0X:^T-±{f4. NiBfc^Wffl* 
(RF ) SjgN 2 r 7X7(0^^3 50W, 8H|^3 
cc/mi nil, <1 1 - 2 0 >7ffttf>R.HE E D;\' 

^-y*Uhy-?«{:^i,j:3t:, Ga-fe;Wi&K(9 

i otit) . fcjtfs ns/i/ia**!®*-*. -ei, 

N/GaJt£*t<U N'JvfjfcftTGaNWlS 
S*4. RHEEDI^CiD, 3 0 0 o CtUiflxl 

>£tfU -5-*i#. 2 5 crcifrfre3 x 3^?- 

y, 2 0 O-C-C'6 x 6W-yiZ$zi£ttlK . JfcftBti 
N&ffiST-$>4k«T'£4. -E-Of*. »£iifcN*« 
iB±K:nSS«ffi*»jaW4. N»«nB*<aj4*T' 
W«L3tGaNatR<0TJfiffl«:$^>fc:W*Ur, GaU 
SBS^ItmS*.*. »fc*tfc*rUVF*BB±tepS««i 

[00 94] ZOjLdizLX'&bttteU— ?m=?i±. 
4. 8V<ofHHM«E£*Ui. KIT, 
ft , J: 0 G a NJI<0N*«BB±fc: nMm&£ 



fO6 0 %1U±#N M^F T'*> 4 N Affile n M^SS:^ 
fig-T 4 £ £ (c i 4 s&m* WlT v > & . 
[o 09 5 3 ftbOt;:, h-vpes, mocvds. 

4. 3?)i§^i>. ±atiai«K:N»a!H±t=®JRL«:n 
«S««*iU6fii«vh$ < -T 4 £ k *<T*# 4 . 
[00961025 « H *^BJ(cffiffl-T4S«4'^if^ 

<^)»4 L^^HftjiMKi. £l*U£l*3 (lxiO"cm 
- 3 JiLhl x 1 0 21 cm-HUT) T-£>4. iS 

*#4^k**T-£4. m2mm±. mmzL^mm 

JSffiH (1 x l 0 17 cm-3JiLLl x 1 0 19 cm-31ilT) 
{5. H8tc^-r^*e^iH«kSHl«giE^SORI^5r#fii 

-r4ka»T'#4. ia8Sr^4k, mimm^mm 

SI x l o 2 » cm-»jaTTWfrfciM«rai»WS*U 

■0*4 *2ffl««o^i€iijaa'f^r*>t>i x 1 o 
i s c m- 3 urrcaiuf £ ^ £Rttra«i&ft<{& < * -> r 

V^4. 112 5l:*tSI««fcSI IfiBtti*, SSl^i£ 
*2^JLT#^4^»ttiRKffiHT*4. 
{43xi0 18 cm- 3 lil±lxl0 21 cm- 3 iaT. SfU I 
ffii£(21 X 1 Oi7 C m-3IilL3x 1 0 18 cra-3aw 
«!Rj?SSffiii-eft4. *WWlC*Hvt, s-fb^^^s 
««, 3 F%^*E!lMiUS*^I^(cS>4^1<0g?^k¥ 
^*6^je* s m I I «JWt*4f(i2oaMi-k*»6=S:* 
^k^'»4tv^. mic7)^«±N^B?r^-t4Ck 

«$ii4c:k3&W4L^. ifc. ?I2»J:t:^ft 
fg^ki-Jf^Bte^^^xbr^df i/*)Vm*m&L 

P^r4m 1 OgfrfrkU? 2<7)gfcfrk tcii-ftSSitJ J; 
«t^V^TIttBfl-r4. 

[ 0 0 9 7 ] H 1 Otc^^»«*k««Jt«!Sk^ 
BBffit#Sa-r4k» ^ttfti»K3&«l x 1 0 17 cm- 2 c7)k 
^MitSEA ! l x 1 0- 5 Q • cm 2 k&9. ZblZT- 
mW&%tf 3 x l 0 18 c m- 3 JiLhtc^r4 k ^ftithffitn:^ 
*«75X 1 0- 7 — 1 X 1 0' 6 Q • cm 2 4T'<S<^roTV^ 

4. ki-4^ m7tzjjk-rT-m>m%.k®mwKkcr>m 

«t#8W"4 k . ^RttftiME*«l x 1 0 17 c m-3JJLkT 
JiWWffifcSWb^S^^r . ^ttlWftKj^l x 1 Oi 7 
cm-'n 3X 1 0 18 cm-3Tkr»9ffittffi4(5^k'|B] 

<oix4. ^^^nM^ffika-fb^^f^K (N^SS 
.7IC4MnKSr 3 x 1 0 18 c m-spXtlz-tZZ. ttf 



(?L 3) 101-148533 (P2001-eK33 



WX'&W&.WFWto ( 3 x 1 0 18 c m-3JJJLh) ZWtiWt 
m^tl^^ht^t^tli,. $£>tc. 3xi0 l8 cm 

wfi<5 x i o 18 c m-3 zx-immmsummm i k a/ 

cm^tifeS* 5 , TiNEfeiltJgaU X 1 O^cm-stXtlZ 
[0098] #?&HJi#£>t4. iO^l/J^t. fiftft¥ 

**»«***4^«i«M[*^rt"4 2 nitcDrnx-mm 

■t&ZtlzXK). timX'Z&ZbZ&ltiLtz. jumtz 
(4. nMM<fL?fcl»££. nS«fifcSW^*NiRSiiii£' 

WFtttt»*« 3 x 1 Oi 8 cm-3ULhfc-r-S»ii:*iT- 

«i«wi#iv^, m8<7te&frt>mmt&t. 3x101 s 

cm-3— 1 X 1 0 21 cm-!« L<. 3xl0 18 cm 
" 3 ~1 X 1 0 19 cm-3j6tJ:i5#*LV^ JS2<OW<W& 
T*G&*6£{43x 1 0 18 cm-3OT^-ri.Ci:* i T'^ 

* . m 2 t mzm 

x l 0"cm-3->- 3X 1 0 18 cm-3^iLVo ZZ 

co®mzz<7)mmx'&\'>ti&k Lxfemztiz. k&l 

<i4. Hft*2N»*at«fc:*JV^. SS20Jlf4. Wl<o 

[00 99] ±faSglc7)Jf<OJS§t4. 0. 0 5;umiilb 
5 0;umlirFi:-f 4<ri**T'#. *?£L<140. 05// 
mliJLhl 0//mUTT'S>4. 851?)/l<7)J¥£a\ 0. 0 

fmtf+iHz&&zti-f. m®imm i m<% ] o'fth. 

^10«<7)if§^5 0/xmJ:OtiJ< ; 3:l.t. T 
««rt»jSSn$iifc*fc:J:i*iHfflS3& t *&<* , 3 (09 
#99) . i^fc* t 3t«ft»fc:J:ii«3»c«:^#<UTIB 

L»4 (H8*gB) . 
1*3 £ 5 0 fx mtXTftt t < 14 1 0 mlUTtC^i. Z b 

izx^x. mmmm.m&com^. msx'^ztizm* *) 

i>'hZ<-f&Zb&X'Z&. 

[0100] *&WtZti\,\X . nffiTOfifttcti. S i . 
O.C1. S. Se. 4fcttTeitfi!L<ttJflT* 

4. tCS i % 0£*:{4C 1 $rfflv^^ t . nwmitm* 

mfrmmz®mzn&zbt i x'Z2>. ±.tsPFmt?>oi>> 



iZ&^X 3 * 1 0i 8 cm-31,Xhl x 1 0 J1 cm-H^T. 
Wi L<f4 3x 1 0 18 cm-31iLhi x 1 0 19 cnr 3 lU 
T, 5B2f5JB£:feVvC 1 x 1 0 17 cm-31iLL3x 1 0 !8 

cm-mTb-rhzbtfX'Zh. jut, mmmizx*)* 
mi* $ h tzumiz&m- 4 . 

[0101] mmm9 

02 6 iZTjk-fJ; o iz . #JH$gWc J: 4S-ftt$J i N$#SBt 
(U-if^ (4. nitffi300 1. 

aflSft^fMEIR (WitfGaNSS) 3002. nl 
GaNf3003, nfA l (il Ga 0i9 N?77 HJ13 
0 04. nlGaNM-f KJ13 0 0 5. #ftft^#F 
<0fB\yi3 006. plA 1 0 . 2 Ga 0 . 8 Ndf^UT7"O 
7^I3007> pSGaN3fc{M KJ130 08. p! 
Al,.,Ga,.gN?77Kl3009, pIGaN3> 
??h/13 0 1 0. fcJ:U ; pIl®3 0 1 l*^«j£$ 
tl&. S«3 0 0 2i4. ftH-7*GaN13 0 0 2 a 

4) *5<ttXffiH-rGaNS3 0 0 2b ( CO^TSE 

WKfEffl{402 5tSrtJS I I 1S*£tc*>4 ) 

4. nS«fiS3 0 0 1(4. ««3 0 0 2iON^SS®3 0 

0 2A±t=»issiiTv^4. wraawwHa. mm 
izmuztittnm&m<vmQZzcr>mmTm~>fzmT 
#>4. 

[0102] *$mm<om«i. m<twmi*mR3 o 

0 2Sr«^LTV^iSK-7*GaN«3 0 0 2ai:<KK 
-TGaNI30 0 2 b ^l^FttftaUS** . *tl?1\ 
H2 5fc^-«BIfB«i:*I I ^^JSLTV^d fc . 
nSmfii^iSh'-T-G aN13 0 0 2 ac7)N^B3 0 
0 2AtCftLTV^4Cfcs &±V%&tm z ?ffi&tf<&} i - 
y G a N J9 3 0 0 2 b iZ& L T V i« i h T* 4 . 
[0103] 3xl0 18 c m-31U±o^T*fiTOK$r 
ttSIH-rGaNffl3002ali, +#=5r4'[SI£j£ 
ft^JBJiW-Sii:*^*. -eo^m. SH-rGaNf 

3 0 0 2 a fc nlfi 3 0 0 1 b COffl(Vimtm&.i*'h 
$<^r4. 3x 1 0>*c m-s )ZTcD¥-&l^U®te 
*m4IKH-rGaNi3 0 0 2 b±(;^^« 

J: 0. <£v^ffi«»ri^JSi:<£v^ffi 

[0104] zmmmiz* h u— rm^Fit. mmm 1 - 
8«i (^j^t4. mmms.5v^ mmm.$i®mi. 2 

kA/cm*] iOfcS^fi^lWiWSBIf* (0. 8 
kA/cm*) *jJ:l/fiV^iai«WE (4. 4V)$rt^ 

[0105] ^Sfe^J 1 0 

M^J 9 b mnx-h h. m 2 1 \$ , stu-ft-^^^a^ 
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m&XVDMmkW^ nifffi (0^Bg) ii, Afi 
«K«-fft. nS«ffiJ:*-*-*A«««>BBli. N^® 
T'&S. lit, A««i:B«B«0¥*&^«W«KliH 
2 5 I 0 . C ffift 2: D flfttOTOTIt 

[0106] znmmit^m^mfrmizm^tzftftm 

TO. HSfeW 9 |§|«ca3&S£ fcfc 6 Lfc. 
[0107] HSfcfiBJ 1 1 

mm 9 1 mmx-h ft . 0 2 8 Ms-fb-^^^s^ 
2 8 t=*s tLftaaflWr^fiUBaa^rn 7 r a m± 2 

*i&fmmm±* m2 5tz*k-i-mimmzhK>. Bfg 
&wm*mmmt. 02 immz*> 
ft. 

[0108] c: <Dmmititf%*mfcmizm^tzftytm 

TO. iat«9fcB*tf>^£fcfc&l,fc. 
[0 10 9] HSgffll 2 

x^&zbWMi. mmm9bmmxh&. 02912, 
mmvKmmititty^ftmmz&w&TMmwyzttifi 

ifm-thmmfr^ Am®. bh«. c««. 
*jj:ifE««fcDfj;. AmawNfeitmtzm-rzzoiz 

nltl (0^*B&) >*^j£$iXft. A«*L B#«&fc 

ii^D««w3RK«»ft«, 025 t^-rsfi i mmzm 

[0110] AffiJ^i: BfflttajR&tt&fBtt 50//mt 
ft*. A«i^J:tfB«HW^^^«**U:. 

«*Jt»St£{K^ft»**fc 
Cf«(fS3 0xim, 7t«!ijliRK2x 
10 ls cra-3), DIBig («J¥2 0/xm. T*6WgS5 
X 1 0 18 cm-3) i5j:tfE^i£ (mm6 0um. ^-Wto 
iHJKl X 1 018 c m-3 ) ££;btf^#^W»« 

2X 1 0™cm-3 bMMi>&ZbtfX'ZZ. ClOffiJi. 
02 5£5jcflfU I «J*K1WS. KU. C«W, 

[0111] ^ co^3S-fk-^*»«:S« Sr ffl V ^ffcft* 
TO. HS60IJ9 FHRDftJIi* t>fc L/C. 
[0112] ilLW a fc. B^n^HEfmi^. n 



amwcsrt-ftm m?mmizm-r&m2<7) 
x\\ ttz. m 1 eommco^mT^mmm^ 3 x 1 0 18 

c m- 3 J^LhTfcWf , 1 09WM^4>T 3 X 1 0 1 8 c m 

- 3 «t 0 <s v ^mmg. i &t ft L X h «k V 

Ofg^¥%^^jfUg* J 3 x 1 0 ' 8 c m 
- 3 MTX'htltf. m2(7)m&C?>*T3xl 0 18 cm-3J: 

r>m^&mw&tt-r&®fttfif{ELXi>£\'\ 

am 2 5 tc^-rm i mmzm-t ft mmt. mmmsiz 
yjmimzi&mi-tz\bttix£z>. m%&T-umm 

&Ztt&mt<r)t$tt*i!rh<£t:MmzmL . W« 

ftauw«Bi2 5{c^i(ii i wtuzmtiwrnt. mm 
ft. 

[0113] J3Ut<0Httff| 1 ~H«fe#J 1 2lz J: 0 . 
fleu— !T FfgTOovvcifcBflLrt:**. «3tr>f 
^ t> *fHBt Mffl-T & CI t * 4 T'# h . 

[0 114] 

iftwcowmi v±iz5k-t£oiz. *&mz*tn£. m 

[E®^fS#^giHJ] 

[si] (a) axv (b) mtwi t*sv^rff 

[H2] (a) &£ZS (b) (±. UtfflfiWlzm^Xft 
[H3 3 GaNfflR<7)Nift«ii!4fettGa**Ba{ClK 

^ztitm mmtew n- ^ - > 5r ^-r TffiiaT *> s . 

[04] GaNa6IR<ON»«iBt=3!arS*tfcnS«tt 
[05] GaNfflitf)Ga»«ffll:i!afS*lfcni!t 

siomM-mffi^tts-*-r0T'S>ft . 

[06] GaNJ¥)l$r^$-ti-ft^S i H 4 ttf&« 
•T0T'S)ft. 

[07] GaN^+O^MWt&i:. MGaNlS 
^ffiffl U— !f ^RlfflmJSi: OR|^Sr^-r0T'S>ft . 
[08] G a.Nmfii.tpCO^mi>Wk&b . IGaNSS 

ft. 
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[010] GaN«Ki*i^^tt*iftKi:, nlfKO 
[011] (a) ( b) «, HSS^J3(CfcV^T 

[HI 2] ( a ) fcitf ( b ) 12. JtfS#y2fci5VvC 
[013] (a) tsXV (b) 12. 5BftW4-CttJ8L 

sro 7 r -f ^£^-r0T-£> s . 

[014] $mm4 Tffi8 Lfc h O -OCOG aNit 
c7)«lB&BiH0, *i J:tfR»K*<o;mftiMtrn 7H 

[015] ^SSCT4 T'teffl L^flilOG a NSftOftHft 

-r0-c-£>s. 

[016] #at«4T«effl LfcfflKOG a NMScDfttBfc 
f0"C*5. 

[0173 mmm4X'W.m t^feioG a ns^o^bs 
-trnx-hz. 

[0183 HSfi^J4 T'ffiffl LfcffiKOG a NSfiiOfK* 

-f0T"£>S. 

[019] HSfcflJ 5 TOffi LfcGaN WfcOlSmWm 

x-hh. 

[02 0] Hfc«5-CttfflLfci3-^GaN»R 
/l^$r^-r0T'*4. 

[021] HJgfiaj 5 TttJB LfcflsVOG a N»M 

■twx*fo&. 

[02 2] KatWSTttfflUfeflB^GaNfflR^m 

■tmx-foh. 

[02 3] «Sffi<0 (00 0 1 ) B±fc:jfcSLfcGa 
NOG a*tttfifi£ NWSiB^)H«*5%f «3«HT*i . 
[02 4] HSfeWI8fct5V^Tf«R$fL^^— rm^O 

[025] *»^k:«6ffl £ft&^*<^«!B&«J£IS 

[026] m&m 9 nmmfc&m^mfkmm?*™ 
nm\siwmx'2>z>. 

[0273 M1&M 1 0 X-mm $ iifcMHfc^lWMW* 
««<O^FMWg^ : mSr^-r0T-$> & . 

[0283 mmm 1 1 x-&m s *ut^*fc£WN«* 



[0293 n«£w i 2 Tfleffl $ tuzs&it&wmik 

[^#^UJBH3 

101 nlfi. 102 GaNSS, 10 2A N 
WVffi* 103 nIGaNI, 104 nlAl,., 
Ga 0 . 9 N?5-y HJi. 1 0 5 niGaN^O 

106 znm^Htwcof&tm. 1 o 7 pIa 1 

0 . 2 Gao, 8 N^t l J77'D77i, 108 pIG a N 
3fcy-fFJi. 109 PlAl 0 .,Ga 0 . 9 N?77K 
if. 110 pSGaN3y??M, 111 Pit 
Si, 201 ngimSi. 202 G a 2 0 2 A 

Ga^E, 203 nSGaNJI. 2 04 nfA 
lo.iGa 0 . 9 N757Hl. 205 nSGaN3t«M 
h'JI. 20 6 MttT#F*>»5OT. 20 7 P IA 
],.,Ga 0 . 8 N^'J77*D7?l. 208 piGa 
N3fc<M h'Jf. 209 plAl 0 . 1 Ga,. 9 N^77H 
if, 2 1 0 piGaN3>?7 M, 211 pit 
Si. 30 1 nSmSi. 30 2 G a N3£fisL 100 1 
nmmm. 1 002 GaNM. 1 00 2A N«f 
MM. 1 0 02a S iKb'-7GaNl, 1 002b 
SiH-7GaNl, 1 003 nSGaNJl. 10 
04 niAlo.iGa 0 . 9 N^77h'l, 1 005 n 
SG a KS. 1 0 0 6 £fii^#Ftf>?Bt 

1, 1007 pIA l 0 . 2 Ga 0 . 8 Ndf-v'Jryo-yi7 
V. 1008 plGaN3t*MKi< 1 0 09 pI 
A 1 0 . i Ga 0 . 9 >y KJ1. 1010 pIGaNn 
V?9Vm. 1011 pSSSI. 110 1 nil 
Si. 1102 GaNSS, 1102A Ni&agSj. 1 
10 2a Sih'-rGaNJf. 1102b SiHH 
-7GaNl, 1103 nlGaNf, 1104 n 
lAl 0 ,,Ga 0 . 9 N?77Hl, 1105 nfGaN 
%tiA K/f . 110 6 $>MR=F#F l <7>3&tm. 1 1 0 

7 pIA 1 o. 2 Ga 0 . 8 N4f^i; 77*o y? Jf. 110 

8 pSGaNi*M Fl> 1109 pIA1 0 ,,G 
a, l9 N??vHl. 1110 plGaNny^^h 
JI. 1111 pMISi. 1 30 2 mtt&HZTfim 
i§j£#^-f&GaNg$£, 1 3 02A Nfttgifi. 1 
40 2 GaNit, 1402A N^ifS®. 14 02 
a *immg.—feCOGaNm. 1402b Bfrlffa 
(C^IMH^M^-r-SGaN®. 1402c ^Mfe 
i&g-JgcrjGaNJl. 1 50 2 GaNlflt, 1502 
A N^ffi. 1 5 0 2a WttfattWmgtfm 
^SGaNJI. 1 5 0 2b ^WfyfiSJS. — S^G a N 
11. 1 50 2c ff*#totC^SB»^«*^.&Ga 
N/f. 1 6 02 GaNiS, 1 60 2A N#^SSH. 
1602a ^*6«g-5gC0GaN;f. 1 602b 
/?^(*JtC^*6^m«*^-r-5) G a Nil. 16 0 2c 

Wft**— 5£<0GaNJf. 1 702 GaNlt. 
1702A 180 2 GaNlS, 180 
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2 A NiRiSfi. 1 90 2 GaNIt, 19 02 A 
N&Sig®, 190 2a S iiSK-TGaNJf . 190 
2 b SiK-rGaNl« 1 902c SiilH-r 
GaNJi, 1 90 2d SiK-TGaNJf, 19 02 
e SisH-rGaNI, 2002 GaNSS, 2 
0 0 2 A N&iigffl, 2002a, 2002b, 200 
2c, 2002d, 2002e WfflmX.— £<0Ga 
N®, 2 102 GaNSR, 2 102A Nj&3§®, 
2102a, 2102b, 2102c, 2102d, 2 
102e ^MSSjjgJg— ^GaNf, 2 202 Ga 
NIS, 2 202ANHSI. 2 202a TOttttiBft 
— JgOGaNJl. 2 20 2b ^^gJSH— 7"G aN 
«, 2 202c 3fWftiME— JtWG a N« s 2202 
d ^KftK-rGaNi, 2202 e ^fcG^igJg- 
^OGaNS. 2 30 1 2 3 0 2 a*7 7t 

if. 2 30 3 GaNiC 2303a Ga^JSSM. 
2 30 3b NiKlHS. 2 3 04 GaUf , 23 0 5 
NJE^.240 1 pill, 24 0 2 GaNJ 



fi. 2402A 2403 pIGaNf, 24 

04 plAl u Ga,. 9 N?5 7Ki. 24 0 5 P 
m.G a N*#-f KJI. 2 4 0 6 ^fct^F^^t 
1, 2407 nlAlo.iGao.sN^t'Jryov; 
1. 2408 nSGaNfttf-'f KJf, 24 0 9 nl 
A 1 0 , i G a 0 . 9 5 ••/ 24 10 nIGaN3 
>^?}-/f. 24 1 OA N«I. 24 1 lnlf 
«i» 3 0 0 1 nlfg, 3 0 0 2 SMtoimttiHR 
(^IfGaNSfi) . 300 3 nlGaNl, 3 0 
04 nSAl 0 .,Ga 0 .5N?77Hl, 3005 n 
MG a N3t#W KJI, 3 0 0 6 ZMMTttWcoim, 
I, 3007 plAl 0 . 2 Ga o . 8 NifA' , JT7'D77 
1. 3008 plGaN**M Fl, 30 0 9 pS 
A l 0 ,,Ga(|, s N^77Hl. 3 0 1 0 pIGaN3 
y^?M. 3011 Plli. 3002A N**4ig 
3 002a ffiK-TGaNJi. 3002b ffiF 
— TGaNJg. 
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